The paradigm of the first 1000 days of life, the period from conception to the second birthday, has been advanced as a critical window of opportunity to save a life and a child's future. Infancy and toddler life, through the first 24 months after birth, is a unique period during which human milk is recommended as either the exclusive source of nutrition (6 months) or a variable component thereof. After the maternal delivery of milk is accounted for, the remainder of the energy and nutrients needs come from complementary foods. There is an intrinsic gap left by the maternal milk supply in volume and micronutrient content in relation to expanding infant and toddler needs. The nutrient density approach provides us with a mathematical framework to manage the closing of the nutrient gap. The intrinsic nutrient content of the unprocessed foods appropriate for young children is limited. The most problematic nutrients are calcium, iron and zinc. Some manner to enhance the nutrient density of the complementary foods is an incontestable necessity. The nutrient density consideration, which identifies for us the nature of the problem, offers a tool for the titrating of the fortification to an adequate-but safe-addition.
INTRODUCTION
The distinguished North American nutritionist, the late Doris Calloway, was part of the panel of the National Academy of Sciences that assembled the 1970s edition of the Recommended Dietary Allowances (RDAs). 1 In a presentation of the process, delivered at the International Congress, she pointed to the most powerful barrier to the understanding the applications of the RDA: 'People eat foods, not nutrients'. 2 She was making a profound statement about the two most important domains for applications of any recommended nutrient intakes (RNI): (1) assessment and evaluation and (2) education and planning. The RDAs are framed and phrased in terms of minimal consumption of one or another nutrient; for instance, protein or vitamin C or iodine. However, as the source of nutrients is silent and submicroscopic, individuals cannot perceive them in the diet. If privileged in their means, they eat a selection of food and beverages that appeals to them; or if disadvantaged, they eat what they can afford among what is available. In either case, however, there is no accessible method to know their intake of nutrients, much less to adjust it to any guideline of daily recommended intakes.
Of course, in the era when Prof. Calloway was speaking, basic, unprocessed foods comprised the bulk of the diet of the United States. Salt (with iodine) and dairy items and margarine (with vitamins A and D) were the main items fortified, along with a few nutrients in baking flour used in breads. Over the past 40 years, discretionary addition of micronutrients, the so-called 'marketdriven fortification', 3 has taken hold of many consumable items from juices and soft drinks to hot and cold breakfast cereals, and even to bottled water and non-caloric sweeteners. Moreover, the use of nutritional supplements has burgeoned. [4] [5] [6] [7] These latter are more medicinal in nature than part of what might be considered diet. In this latter context of supplements, one can add that, in part, people have come also to eat nutrients as nutrients. On the pharmaceutical and food science and technology side of the equation, moreover, recent decades have seen a revolution in the efficiency of technology to isolate or synthesize nutrients to be used as supplements or fortificants and in the analytical chemistry to quantify nutrients in foods. This latter development has provided food composition databases of unprecedented comprehensiveness, providing information on dozens of nutrients in 1000s of foods continuously updated and made accessible to all would-be users in digital electronic files online.
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NUTRIENT SCARCITY AND DEFICIENCY Documents such as the 1968 RDAs, its successor the Dietary Reference Intakes, [9] [10] [11] [12] [13] and its international companions Vitamin and mineral requirements in human nutrition, 14 Human Energy Requirements 15 and Protein and Amino-Acid Requirements in Human Nutrition 16 are primarily necessary as public health officials and public policy is concerned about inadequacy of nutrients in the diets of certain people. Chronic underconsumption of nutrients can lead to various degrees of subclinical or clinical deficiency 17 in a population. A series of transient or permanent situations can lead to a scarcity of nutrients in an individual's diet. At the most dramatic extreme are wars with conscious scorched-earth actions, civil turmoil with refugee displacement, floods and droughts with widespread crop failure or collapses of international food-trade flows. These can lead to catastrophic consequences, 18 but of limited duration. More endemic and intractable causes of inadequate nutrient intake relate to the selection of diets resulting from cultural traditions in food production and acquisition or poverty, which limits access to affordable, quality diets. [19] [20] [21] [22] Deficient micronutrient intakes in young children are widespread.
NUTRIENT DENSITY AND 'CRITICAL' NUTRIENT DENSITY IN GENERIC CONSIDERATION
There are multiple sources of recommendations for daily consumption of nutrients. In general, they are uniform for a given age, sex and physiological status. The RDA for calcium for an adult man is 800 mg per day. Hence, in theory, one could just keep eating enough food during the day until the 800 mg of calcium were ingested. Simultaneously, the prescribed amount of vitamin C, which is 75 mg per day for this age and sex, would also have to have been consumed in the same amount dietary fare, or else one would have to eat an even greater amount of food to make the quota for vitamin C. Let us examine a case in which the composite habitual diet is known to contain 200 mg of calcium and 15 mg of vitamin C for each 1000 kcal worth of dietary energy. An individual could keep eating the diet until he had taken in 4000 kcal, thus meeting the recommendation for calcium. He would, however, only have consumed 60 mg of vitamin C at this point, such that another 1000 kcal would need to be ingested to reach adequacy of intake for the vitamin.
Taking a more complex issue, again related to calcium, a population relies on three foods, A, B and C, for all of its diet. Food A has 86 mg of calcium per 1000 kcal; food B has 200 mg of calcium per 1000 kcal; and food C has 400 mg of calcium per 1000 kcal. A survey shows that the population derives equivalent amounts of dietary energy from each of the three food items to constitute its entire intake. Hence, to reach the 800 mg, the population would have to consume 3500 kcal. They would derive 100 mg from food A, 233 mg from food B and 467 mg from food C. If, however, the population were to have a partition of energy of foods A, B and C of 20:20:60, it would take only 2692 kcal to satisfy the calcium recommendation.
Obviously, the physiological starting point of eating one's daily dietary fare is in satisfying the need for energy to match the expenditure in daily activities. 24 From the Institute of Medicine, 13 the estimate for daily total energy expenditure for a physically active adult man is 3067 kcal. The corresponding estimation from the agencies of the United Nations, 15 is 3300 kcal. Thus, in the first example, consumption of the 4000 kcal of food to reach the calcium requirement or the 5000 kcal to reach the vitamin C needs would be excessive except for those with the most strenuous of daily physical activity. Similarly, in the second example of the three-component diet, the 3500 kcal to achieve recommended calcium intake would be excessive, whereas the 2692 kcal would provide the full calcium recommendation, even before the energy allowance were reached.
Each of the ratios of micronutrients to daily energy cited represented a specific nutrient density for calcium or vitamin C. The critical nutrient density relates to a total amount of daily energy, which is based on the physiological requirement. In a population context, this would be the average for the individuals of the specified population segment. The critical nutrient density term is defined in Box 1. The values are commonly expressed, for comparative purposes, over a base of 1000 kcal for adult diets and of 100 kcal for young children. Table 1 provides an exercise to explain the calculation and expression of critical nutrient density. Now, taking the aforementioned daily energy allowance for adult men, the critical nutrient density for calcium would be 261 mg per 1000 kcal for the United States and Canada Dietary Reference Intakes system, 9 and, with an RNI for calcium of 1000 mg per day, 14 it would be 303 mg per 1000 kcal in the UN system. For the 75 mg daily vitamin C requirement for the same sex, age and activity level, a dietary fare would need to have 24.5 mg per 1000 kcal, expressed with the reference denominator. Within the UN system, with a 45 mg daily RNI, the corresponding total energy expenditure estimate for the active adult male population, the habitual diet would need to have 13.6 mg of vitamin C per 1000 kcal to satisfy the average needs of this population. In turn, this ratio becomes both a reference and a standard for assessing a composite diet of a group of interest. Making the assumption that the population has access to enough food to satisfy the energy requirement, the vitamin C and calcium needs would be concomitantly supplied if they met or exceeded their respective critical nutrient densities.
NUTRIENT DENSITY AND CRITICAL NUTRIENT DENSITY IN THE CONTEXT OF COMPLEMENTARY FEEDING
The earliest stage of human life is another period of inherent vulnerability to nutrient scarcity and nutritional deficiency. The paradigm of the first 1000 days of life, the period from conception to the second birthday, has been advanced as a critical window of opportunity to save a life and a child's future in the context of lowincome societies. 25 Growth and development are the prime mandates of infants and toddlers. Poverty begets an environment adverse to growth, nutrition and health. As such, feeding practices have a paramount position in consideration for the last 730 days of the 1000 days. In the majority of low-income countries, growth failure commences almost from birth and continues up to 3 years. 26 The adverse consequences of stunting are legion, 27 including diminished survival, childhood and adult health, and learning capacity and productivity. Human milk is the primary food and base for the diet of a child up to 2 years. 28 The international consensus guidelines for early feeding are summarized in Table 2 . 29 The second and third points relate directly to complementary feeding. As shown in the Figure 1 , as the energy requirements of the growing infant steadily increase, the calories supplied by human milk alone become inadequate at around 6 months. This needs to be complemented by specially prepared 'baby foods' at this point, as asserted by van der Merwe et al. 30 in the quotation in Box 2. When the dentition and gastrointestinal digestive enzyme secretion mature to a certain point at the end of the first semester, regular family food can be added and eventually substituted for the baby food. This illustration is derived from the first publication to project the terms of reference to complementary feeding, Complementary Feeding of Young Children in Developing Countries: A review of current scientific knowledge, 31 a 1998 WHO report by Kenneth H Brown, Kathryn G Dewey and Lindsay H Allen. This was a review of the extant literature at the end of the last millennium. Its focus was mobilizing recent (at the time) scientific evidence, and the third and fourth points of the expressed mode of application of newer knowledge in Box 3 are enlightening. The British Reference Dietary Values, the most current at the time, were adopted, in reference to complementary feeding for 6-8, 9-11 and 12-23 months of life. It introduced a format for determining what were called 'desirable nutrient densities' in complementary food based on a series of assumptions about the composition and daily volumes of human milk offered. The fundamental cornerstone of work in the field is found in their Table 27 of the report: Desired nutrient density of complementary foods (per 100 kcal) by the level of usual breast-milk intakes, covering the three age ranges above for low, average and high daily milk volumes. In the report, a standard nutrient composition of human milk for developed and developing countries was applied. It eventually identified problem micronutrients that were Box 1 A critical nutrient density is the nutrient density that just supplies the recommended daily intake of the nutrient at the caloric consumption at which the average energy requirements are met. (This 'average energy requirement' can have the connotation, for an individual, of the day-to-day average of that person or, for a population, of the median energy expenditure for a defined population segment. As used in this review, it has the latter meaning.) difficult to provide to a partially breastfed child with foods accessible in developing countries. 31 At 5 years after the publication of the WHO book, one of its authors, Lindsay Allen, codified the critical density concept in a review article entitled 'B vitamins: proposed fortification levels for complementary foods for young children'. 32 This was derived from the terms and assumptions of the Canada Dietary Reference Intakes for the United States and Canada. One of the three parallel illustrations, addressing the three age groups of interest between 6 and 24 months, is reproduced as in Table 3 .
It clearly details the amount of specific nutrients needed to be derived from complementary feeding in terms of the percentage of contribution, the gap after breast milk and the density for both an energy and weight denominator.
The nature and composition of the foods to complement breast milk through this period up to 2 years have been commented upon from a series of perspectives. The WHO itself advocates that complementary fare be based on: 'adequate amounts of indigenous foodstuffs and local foods'. 28 The World Alliance for Breastfeeding Action (WABA) 33 recommends 'optimal use of customary family and indigenous foods'. Gabrielle Palmer, in a publication of the International Baby Food Action Network (IBFAN) entitled What is complementary feeding? A philosophical reflection to help a policy process, 34 rejects the notion of special baby foods, recommending the transition from exclusive breastfeeding directly to family food, guided by the advance of the infant's dentition and chewing capacity. To examine these older and newer assertions of guidance, we have revisited the original framework of Brown et al., 31 updated it in terms of subsequent assumptions of normative early growth 35 and the latest international energy 15 and protein 16 requirements, and addressed the appropriateness of high contributions of human milk and family food fare and indigenous foods based on rigorous calculations. The calculations are centred on the application of a nutrient density perspective. Table 2 . Consensus international guidelines for young child feeding and nutrition a Breastfeeding (introduction within the first hour after birth, exclusivity to 6 months, continuation to at least 24 months) Complementary feeding (introduction at 6 months, use of nutrient-dense foods, adequate frequency and consistency, and responsive feeding) Prevention and/or treatment of micronutrient deficiencies (vitamin A, zinc, iron and anaemia, and iodine) Prevention and/or treatment of acute malnutrition Feeding practices adapted to the maternal situation to reduce mother-to-child transmission of HIV Activities to ensure food security The promotion of hygienic practices concerning food preparation and storage and environmental sanitation. Figure 1 . A diagrammatic representation of the relationship between increasing age through the first 24 months of life, increasing capacity of the infant and toddler to consume dietary energy and the various dietary formats supplying intake. Reproduced with permission from Brown et al.
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Box 2 Small, frequent meals of easily digestible, smooth, semisolid nutrient-and energy-dense complementary foods should initially be offered while gradually increasing variety in both the type and texture of food. Protein and carbohydrate intake should increase with the infant's age, while preference should be given to foods rich in micronutrients (see van der Merwe et al. 30 ).
Box 3 Third, quantitative data have been published recently on the adequate energy density of foods for young children. These provide useful guidelines on the proper formulation of complementary foods. Fourth, several studies have found that the content and bioavailability of specific nutrients in the diets, often referred to as 'dietary quality', may be more limiting to growth than energy intake per se in many populations. Again, these results have implications for the design of dietary regimens and/or nutritional supplements for children in the critical age range (see Brown et al. 31 ).
Living in Guatemala, we adhere to the UN agency (RNI) conventions, in accord with the report by Brown et al. 31 Dewey and Brown 36 updated the original assumptions in 2003 with the preliminary release of energy 15 and protein 16 requirements. With our recent work, we brought the assumptions further up to date by employing the WHO Child Growth Standards. 35 Our animus in critical density of complementary feeding related to the suggestions that unmodified family foods could serve as the complementary foods for low-income children. 33, 34 Using the nutrient composition of the most adequate diets reported by adult Guatemalans from poor rural and urban communities, we quantified the magnitude of the gaps that would still remain for selected micronutrients when children consumed a modest intake of human milk. The results of that modelling exercise are shown in Table 4 . Protein was universally adequate by a wide margin of safety. Problematic nutrients would include vitamin A, niacin, vitamin B6, folate, calcium, zinc and iron for a 6-to 8-month-old girl growing in the 15th percentile. For the present report, we have altered the challenge for adult fare to provide micronutrient adequacy; we examined the nutrient gaps and required critical nutrient densities for an adult composite diet that meets the highest listed RNI for each nutrient in the UN system recommendations.
14 Again for the same reference child of interest, the adult fare fails to meet the requirements for the same seven nutrients, but now including vitamin C.
NUTRIENT DENSITY BEYOND COMPLEMENTARY FEEDING
In theory, the focal point of nutrient density is useful in dietary assessment and planning beyond the weaning period. A number of the periods throughout the lifespan in developing countries present vulnerability to nutrient deficiency. Adolescence involves an accelerated growth spurt in which boys and girls rapidly emerge to men and women with major increases in height and weight and changes in body composition. For women, the reproductive period, including pregnancy and lactation, in which the mother is the conduit of nutrients not only for herself but also for her offspring, is a time of increased requirements and nutritional vulnerability. To what extent is nutrient density a useful advantage point for the dietetics of these periods of transition? An opinion was rendered in part, again in 1998 by a WHO document, this one entitled Preparation and Use of Food-Based Dietary Guidelines. 37 Its Appendix features a table outlining the 'reference nutrient densities for selects nutrients relevant to developing and evaluating dietary guidelines. ' We have generated a contemporary tabulation (Table 5) for nutrient gaps and critical nutrient density for the reproductive situations of pregnancy and lactation, in reference to an adult woman. Energy requirements increase with gestation and nursing, but micronutrients often increase in a proportional manner. This is illustrated for lactation in Table 5 ; despite large percentual changes in micronutrient needs in lactation, the critical nutrient density for the diet of a lactating woman (column 9) is relatively similar to that of the reference situation (column 8). A similar effect is seen in considering the change in requirements for pregnancy (data not shown). With a general pegging of the micronutrient requirement to energy needs, critical nutrient density has less variation in adult context. e Assumed typical intake of infants this age, and 440 kcal/100 g dry product. 38 b Critical nutrient density of CF calculated as the nutrient gap between the RNI, 14 and nutrients delivered by breast milk divided by the energy provided by CF. c Nutrient density calculated based on nutrient requirements for pregnant and lactating women (that is, the highest nutrient requirements in adults) according to DRI values. 14 d Assuming low bioavailability. Numbers within squared parenthesis represent those for which the 'required nutrient density for highest specific adult RNI' is lower than the 'critical nutrient density of CF for a girl growing at the 15th percentile' .
CONCLUSION
The amount of food and beverage consumed is generally governed by the energy expended in metabolic processes, assimilation of the diet and physical activity. In childhood, additional energy is required for the accretion of new tissue in the process of growth. For an individual to receive his or her requirement for protein, micronutrients and beneficial bioactive substances from the intrinsic or added (fortified) nutrients in the diet, the diet must deliver the minimum necessary within the confines of the energy allowance. Total dietary energy (that which our bodies seek from the food we eat) is an inherent 'denominator' in the consideration of dietary nutrient adequacy; taken together, we derive the formulation of units of nutrients per kilocalorie of energy, which is the basis of the nutrient density.
Infancy and toddler life, through the first 24 months after birth, is a unique period during which human milk is recommended as either the exclusive source of nutrition (up to 6 months) and a variable component thereof (until full weaning, up to 2 years or beyond). With expected growth from 3.5 kg at birth to 12 kg on the second birthday, energy requirement is continuously escalating in the commencement of the lifespan. Human milk has a generally fixed energy and micronutrient composition per volume consumed. After the maternal delivery of milk energy is accounted for and proves inadequate to meet energy needs (a situation occurring after the first semester of life), the remainder of the energy needs come from complementary foods; this is also true for the remainder of all other essential nutrients. This presents a second level of nutrient to energy ratio. Our consideration of the title topic has brought us through the understanding of an intrinsic gap left by the limitation of the maternal milk supply in volume and micronutrient content in relation to expanding infant and toddler needs. The nutrient density approach provides us with a mathematical framework to manage the closing of the nutrient gap.
The intrinsic nutrient content of the unprocessed foods appropriate for young children is limited, and inherently unable to close the gap left after human milk consumption for many nutrients. The most problematic nutrients are minerals: calcium, iron and zinc. 31, 36, 38 The use of unprocessed, 'indigenous' foods, as mentioned in some treatises on early child feeding, 28, 33, 34 represents questionable advice. Indeed, some manner to enhance the nutrient density of the complementary foods, to accommodate the full intake of required nutrients, is an incontestable necessity. Fortification of the complementary diet in some manner, either by processing with additives or by biofortification in cultivation, or with home fortification, is the The US-Canada RDA increased from 5 to 15 mg in 2010, and it is considered a more appropriate international reference value.
f No RNI values specified.
Nutrient density approach in infants and toddlers NW Solomons and M Vossenaar evident solution 23, 31, 36, [38] [39] [40] [41] [42] [43] [44] (see Box 4) . The nutrient density consideration, which identifies the nature of the problem, also offers a tool for titrating the fortification to an adequate-but safe-addition.
Box 4 Alternative strategies to provide these nutrients include adding animal source foods to the diet, providing fortified, processed complementary foods, administering micronutrient supplements or offering some combination of these approaches (see Brown 42 ).It is generally assumed that in practice complementary foods do not meet requirementsespecially for micronutrients-in most low-income countries, and that this contributes to the common phenomenon of growth-stunting during the first 2 years with potential adverse consequences for child health and development, and adult health. This assumption has motivated the substantial investment in programs to fill this gap by providing individual (for example, high-dose vitamin A or iron-fortified foods) or multiple (micronutrient powders, lipid-based nutrient supplements and/or fortified foods) micronutrients to infants and young children. Multiple micronutrient supplementation or fortification has a small positive effect on growth and improves micronutrient status (see Allen 44 ).
